This paper presents a performance study of silicon-based multi-junction (MJ) solar cell which is produced by Spectrolab is the most efficient solar cell in the world, with a record efficiency of over 40%. The I-V characteristics of solar cells were investigated for different environmental conditions (both at indoor and outdoor). Photovoltaic (PV) parameters like short circuit current (I SC ) , open circuit voltage (V OC ), fill factor (FF) and efficiency (ŋ) were evaluated for the fabricated cell. The fabricated cell provides I-V characteristics curve which shows that the maximum efficiency of the cell is obtained when the cell temperature is lower. It was also observed that, efficiencies of the cells are about 17% to 24% at indoor and 7% to 20% at outdoor and fill factors are 0.40 to 0.71. From the result, it can also be found that fill factor is directly affected by the values of the cells series and shunt resistance. How to cite this paper: Kali, K., Islam, M.A., Yasmin, M.A., Das, S. and Sharker, K.K. (2019) Performance Study of Silicon-Based Multi-Junction Solar Cell. Computational Water, Energy, and Environmental Engineering, 8, 91-98.
Introduction
Energy plays a crucial role in human activities and has gradually become the foundation of modern economy all over the world. Due to prevalently utilizing fossil fuels, global warming and energy crisis are getting increasingly serious, resulting in an urgent research and development of solar energy [1] . The energy achieved from the Sun is an abundant and nonpolluting source of energy. Most cells that are produced on the photovoltaic markets are based on silicon wafers due to the abundance and mature technology of silicon. The efficiency of single junction silicon solar cells has rapidly improved over the last two decades [2] [3] [4] [5] [6] . Solar energy is an environment pollution free unlimited renewable source of energy and can be converted into electrical energy using solar cell. However, the conversion efficiency of solar cell is very poor, that is, mainly caused by carrier recombination loss as well lower and higher energy photons absorption losses [7] . Photovoltaic technologies have become increasing attractive and competitive in recent years as a renewable alternative to traditional fossil fuel energy sources. Among the many currently available PV technologies, multi-junction PV solar cells produce the highest energy conversion efficiencies exceeding the Shockley-Queisser limit [2] [8] . MJ solar cells split up the solar spectrum by vertically stacking subcells comprised of different energy bandgaps in order to more efficiently convert energy from the solar spectrum. The MJ solar cells structure is composed of number of cells in which the bandgaps of the subcells are divided by tuning the composition. For efficient absorption of whole solar energies, the higher bandgapsub cell is fabricated at the top and others are below the top subcell [9] . The silicon solar cell's technological improvements resulted in the achievement of the 25% record efficiency on lab scale and of 22% in production [2] , very close to the theoretical maximum efficiency for a single junction PV device of 31%. Several solar cell approaches have been proposed like MJ solar cell, concentrator solar cell, intermediate bandgap solar cell, quantum well and quantum dot solar cells etc. Among these, the MJ approach is very much attractive to resolve the main issues associated with efficiency degradation [10] . The Single junction cell has the limitation that it cannot absorb low energy photons and as such has relatively low efficiency. To overcome this limitation, MJ solar cells, such as double and triple junction solar cells, based on the spectral splitting principle have been devised.
Experimental Method
In this work, a digital pyranometer has been used to measure the solar radiation.
The resulting equivalent circuit of a solar cell is shown in Figure 1 .
The I-V characteristics of such a device are given by,
where, L I is photo generated current (amperes), q is elementary charge, where, ŋ is the solar cell conversion efficiency, A c is the surface area of the solar cell, E is the input light irradiance. FF can also be interpreted graphically as the ratio of the rectangular areas depicted in Figure 2 .
Efficiency is the ratio of the electrical power output P out compared to the solar power input, P in , into the PV cell. P out can be taken to be P MAX since the solar cell can be operated up to its maximum power output to get the maximum efficiency 
Results and Discussion
The current-voltage characteristics of the solar cell are measured at different indoor and outdoor conditions. The solar cell has been characterized by using the experimental set and also characterized both in the indoor and outdoor conditions. Figures 3(a)-(d) shows the variation of current with voltage when the cell is illuminated with the light source and the sun. The shapes of the curves are shown in Figures 3(a)-(d) . In the I-V characteristics curve, it was observed that the current remains constant at the beginning and there is small variation of current with voltage in short time. At the end of the graph, it shows that current changes rapidly with small change in voltage. Figures 3(a)-(d) shows the current-voltage characteristics curves of solar cell at different light intensities. The V oc and I sc can be directly determined from graph, the maximum voltage V m and current I m at the maximum power point can be determined by computing the IV product at the turning points on the curve and selecting the points where the product is maximum. Thus the maximum power and fill-factor can be obtained from the relations P m = I m V m and FF = I m V m /VocIsc, respectively. The efficiency of the cell can also be obtained from this graph, if it compare the maximum output power with the incident input power. By analyzing the various kinds of situation of the solar cell, it was observed that from this characteristics curve the maximum efficiency of the cell is obtained when the cell temperature is lower. From this I-V characteristic curves it was concluded that, the curve which becomes more square shape gives high efficiency. Figure 4 shows that if we compare the maximum point in the P-V curve and the maximum power point in the I-V curve, it results that they are situated at the same vertical line.
The ideal characteristics of solar cells is obtained by plotting corresponding fill factor (FF) of normalized open-circuit voltage [Voc/(KT/q)] and its logarithmic are shown in Figure 5 (a) and Figure 5(b) , respectively, where the first one shows a non-linear behavior bowing upward and the second one exhibits linear relationship.
The graph shown in Figure 6 is the spectral response of a -Si: Hmultijunction solar cell. In the graph, it rises sharply at the beginning for short wavelengths and reaches to its maximum value and then decreases for longer wavelengths. The maximum peak of spectral sensitivity is found to occur at 0.55 μm which lies in visible range. Solar spectrum has maximum intensity at 0.5 μm range. 
Conclusion
In this work, the efficiency of MJSC is evaluated at different light intensities on various times of the day. At the more insulation, more current and more voltage are produced. Variation of efficiency, open circuit voltage (V oc ), short circuit current (J sc ) and fill factor (FF) with the variation of different light intensity have been investigated. When the cell temperature becomes high, its efficiency decreases. Due to wind effect, cell temperature becomes low and more efficiency is obtained. As the temperature increases, the diffusion length increase, because the diffusion constant stays the same or increase with temperature, and the minority life time increase with temperature. The increase in minority-carrier diffusion length causes an increase in J L (photo-generated current density). This effect causes a reduction of efficiency as the temperature increases. The main impact of series resistance is to reduce the fill factor, although excessively high values may also reduce the short -circuit current. A large fill factor is desirable and corresponds to an I-V sweep that is more square-like. Typical fill factors range from 0.5 to 0.82. The fill factor is directly affected by the values of the cells series and shunt resistance. Increasing the shunt resistance (R sh ) and decreasing the series resistance (R s ) will lead to higher fill factor, thus resulting in greater efficiency, and pushing the cells output power closer towards its theoretical maximum.
